Improved understanding of the impact of kidney transplantation on healthcare resource use/costs and loss of productivity could aid decision making about funding allocation and resources needed for the treatment of chronic kidney disease in stage 5.
Background
For patients with end-stage renal disease, kidney transplantation is associated with reduced risk of death, improved quality of life, and reduced healthcare cost compared with chronic dialysis treatment [1] [2] [3] . At 43.5 per million population, the annual rate of deceased and live donor kidney transplantation in Sweden lies between that of other European countries and those in North America (e.g., Germany at 27.2, Italy 31.5, Canada 40.0, United Kingdom 49.0, United States 57.8, and Spain 63.0) [4] . However, graft survival rates (including annual rates) vary considerably between countries; for example, the 5-year graft survival rate following a first deceased-donor kidney transplantation was 77.0% in Europe, and between 62.5% and 72.9% in the United States between 2005-2008 [5] . By comparison, 5-year graft survival rates are considerably higher in Sweden (more than 90%) [6] .
The geographical differences in long-term graft survival may be partly driven by disparity in donor type, recipient comorbidities, or other patient characteristics among the countries being compared. Importantly, different healthcare funding systems may also influence follow-up routines and therapeutic choices, such as immunosuppressive regimen, which could influence graft survival. Therefore, better understanding of the long-term healthcare utilization for kidney transplanted patients in a country with high graft survival, such as Sweden, can support healthcare decision makers to prioritize between treatment options, and to provide information for cost-effectiveness and cost-benefit analyses.
Previous studies have investigated resource use and costs associated with kidney transplantation [7] [8] [9] [10] [11] [12] . The applicability of findings from some of these studies has, however, been limited by a number of factors, such as the use of restricted patient groups. Other factors include the use of single centers in some studies [8] [9] [10] , the use of data collection methods, such as interviews, which limit the types of data that can be collected and the interpretation of results [10] , follow-up periods of 3 years or shorter [7] [8] [9] [10] [11] , and failure to capture the costs of prescribed drugs [12] . In Sweden, healthcare data can be collected through a series of health registers with national coverage, such as the National Patient Register (NPR), the National Prescribed Drug Register (NDR), the National Cause of Death Register (NCDR), and the longitudinal integration database for health insurance and employment status (LISA). These registers provide longitudinal data, with close to complete coverage of patients, that can be utilized in healthcare and real-world evidence research [13] .
A better understanding of the long-term healthcare utilization for kidney transplant recipients might improve transplant outcomes, and the efficient allocation of healthcare funding.
We conducted a retrospective study to estimate healthcare resource utilization and related costs during the 5 years following renal transplant, for patients in Sweden. These posttransplantation cost data can feed into cost-effectiveness evaluations, and provide information to help decision makers prioritize between treatment options. To our knowledge, this is the first national study of its kind on this topic based on a large, population-based cohort with long-term follow-up that includes a comprehensive list of resource use categories collected from compulsory administrative registers.
Material and Methods

Design and setting
This was a non-interventional, retrospective population-based cohort study. The study utilized anonymized patient data from the health registers with national coverage in Sweden, including the NPR, NDR, NCDR, and LISA.
Patients
All patients who underwent at least one kidney transplantation in Sweden between 1 July, 2005, and 31 December, 2013, were identified in the NPR (Figure 1 ). The date of admission for their first kidney transplantation was defined as the index date for each patient. Individual patient data for demographics and baseline characteristics (i.e., pre-transplantation) were derived from the period 2 years before transplantation. Patients were followed to the end of study period, or date of emigration from Sweden or death, if earlier. All patient-level data were de-identified.
Study outcomes
The primary outcome was renal disease-related healthcare resource utilization and costs in kidney transplant patients at annual intervals for the first 5 years following their transplant. The secondary outcomes were the total healthcare costs for these patients, at annual intervals over 5 years, and loss of productivity for patients (the proportion taking early retirement from work and the total number of long-term sick leave days during the 3 years before and after transplantation).
A post-hoc regression analysis was also performed to explore the relationships between patient-related factors, such as patient demographics and comorbidities, and healthcare resource use and related costs. In the post-hoc analysis, loss of productivity following kidney transplantation and graft survival were also assessed.
Analysis of resource use and costs
Data on both outpatient and inpatient visits (including data on procedures and diagnoses) were derived from the NPR. Primary care visits were not included in the study, as transplantation-related healthcare is mainly provided in secondary care in Sweden. The NDR includes data of all dispensations of prescribed medication and was used to derive total cost per patient during follow-up. Non-prescription medication was out of scope for the study, due to lack of a national registry. The NCDR was used to derive dates of deaths, which were used to establish length of follow-up. Productivity loss was derived from the LISA register by calendar year, with long-term sick leave defined as episodes >14 days. Healthcare resource use was analyzed for inpatient visits, inpatient days, outpatient visits, dialysis outpatient visits, and any other outpatient visits. Healthcare costs included the cost of these resources plus the cost of prescribed medications. The analysis distinguishes between healthcare resource use and costs related to renal disease, and those unrelated to renal disease.
Healthcare visits were considered renal disease-related if the department was a nephrology clinic, transplantation clinic, or an internal medicine clinic; the primary diagnosis was kidney transplant status or an encounter for care involving renal dialysis; or a kidney transplant procedure was performed during the visit (Supplementary Table 1 Resource use and costs were estimated based on the dates of hospital admission or outpatient healthcare contact and the dispensing dates of drugs with respect to the index date. Costs associated with healthcare resource use were derived according to the Diagnosis-Related Groups (DRG) for each visit (see Supplementary Methods 2, SDC). Costs of prescribed medication included both the subsidy and the out of pocket payment, with costs for medication used at hospitals included in the DRG. Costs associated with the occurrence of acute rejection were included within the costs of medication use and hospitalizations. All costs were presented in Euros as at year 2015 (exchange rate: 1 SEK=0.1070 EUR).
General statistical analysis
No statistical power or sample size calculations were performed. Continuous outcome variables were presented with means, medians and other descriptive statistics. Results were presented for the population as a whole without accounting for any post-transplantation events. Categorical variables were presented as numbers with percentages.
Graft survival (defined as time to the first occurrence of chronic dialysis, re-transplantation, or death) was evaluated using Kaplan-Meier survival analysis. The proportion of patients with functioning grafts (with or without censoring at death) was presented at each year of follow-up. Data analyses were performed using SAS version 9.3 (SAS institute, Cary, NC, USA). P<0.05 was considered statistically significant.
Regression analysis
Regression analysis was applied to identify patient-related factors that could be associated with the resource use and cost following transplantation. Generalized linear models (GLM) with log link were fitted for each outcome given the skewed distribution of costs and resource use. Three analyses were performed for these outcome variables, a base case outcome after 3 years' follow-up, plus 2 sensitivity analyses for outcomes after 1 and 5 years. Covariates for analyses were selected based on clinical opinion about key drivers of resource use and costs in newlytransplanted patients. These were as follows: age stratified into 10-year bands (i.e., 0-9, 10-19, 20-29 years, etc.), male or female sex, transplant center (transplants are conducted at 4 centers in Sweden), transplant-naïve or previously received at least one other graft, deceased or living donor, type of dialysis (i.e., hemodialysis [HD], peritoneal dialysis [PD], HD+PD, or none), time in dialysis (in months), underlying kidney disease, comorbidities (glomerulonephritis, polycystic kidney adult type, hypertension, chronic tubule-interstitial nephritis, type 1 and 2 diabetes, other congenital malformations of the kidney, malignancy, and heart failure), and index year. The same set of covariates were used for all models.
All covariates were defined at index or during the 2 years before the index date; therefore, only patients with at least 2 years' pre-index data available were included in the analyses. Similar regression analyses were performed to estimate predictors of long-term sick leave. This was measured as the total number of days of long-term sick leave during the 2 calendar years following the calendar year of transplantation. In addition to the covariates above, baseline productivity status (number of sick leave days during the 2 calendar years before transplantation), the quarter when the transplantation was performed (as sick leave days are measured by calendar year), and the receipt of disability benefit during 2 calendar years before transplantation were included.
Results
Patient population
Overall, 3210 patients (mean age at index: 48.8 years; 36.2% women), constituting the total patient population, underwent at least one kidney transplant procedure during the study period. Most (84.5%; 2714) were renal transplantation-naïve, but 496 (15.5%) patients had previously received at least one other kidney graft (Table 1) . Grafts from deceased donors were received by 1950 (60.7%) patients. The median duration of patient follow-up was 3.8 years (interquartile range [IQR] 1.9-5.9) with 3177 (99.0%) patients having at least 2 years of look-back (characteristics for these patients presented in Supplementary Table 2, SDC). An overview of the number of patients with data for each year of the follow-up period is shown in Figure 2 .
Healthcare resource use and costs
During the first year after transplantation, patients spent a mean (standard deviation; SD) of 25.7 (25.5) days (median 18.0, range 3.0-321.0 days) as inpatients, with a mean (SD) of 3.2 (2.7) (median 2.0, range 1.0-44.0) hospitalizations (including that for transplantation) and had a mean (SD) of 21.6 (8.2) (median 21.0, range 0.0-64.0) outpatient visits (excluding visits for laboratory tests only). In the second year, there was a sharp decline in both inpatient days and outpatient visits (approximately 80% and 70% decreases, respectively), which remained at a lower level through to year 5 (mean 4.0-4.3 inpatient days and 4.5-6.5 outpatient visits annually during Years 2-5). The mean number of dialysis visits, however, increased over time as more patients experienced graft loss and required chronic dialysis ( Figure 3 ).
Renal disease-related costs were highest during the first year after transplantation (mean €66,014 per patient; Figure 4) , with hospitalization accounting for more than half of this (mean €45,165 per patient). Renal disease-related costs decreased somewhat after the first year, mainly because of fewer hospitalizations and outpatient visits ( Figure 4 ). Drug-related costs, however, remained constant between Years 2 and 5 (€5661-6635 per patient/year), and were the largest renal diseaserelated cost from year 2 onwards (i.e., 43.0-46.4% per year). Patients with two calendar years of look-back and follow-up in relation to transplantation year available in the LISA register N=1766
Regression models of sick days and disability benefit after transplantation Regression models of resource use and cost during follow-up A substantial proportion of the total prescribed drug costs during the follow-up period was due to renal disease-related drugs. These accounted for 81.9% of total drug costs during the first year (€11,207 of €13,681 per patient), decreasing to 75.5% (€5661 of €7497 per patient) after 5 years. Similarly, renal disease-related costs accounted for 94.1% of the total healthcare cost during the first year, but decreased to 79.5-80.0% during Years 2-5 (data not shown).
Loss of productivity
During the 3 years preceding the index year, 647 (44.3%) working-age patients were in early retirement. The number of early retirees increased to 688 (47.1%) by the end of the index year, and was 696 (47.6%) at the end of the 2 years following the index year. In the 3 years before transplantation, the proportion of patients on long-term sick leave (mean number of annual sick leave days) was 62.8% (69 days), and then 61.4% (129 days) during the index year. This decreased to 47.4% (45 days) in the 2 years following the index year ( Figure 5 ).
Regression analysis: Factors affecting healthcare resource use
The number of inpatient days during the first 3 years after transplantation was significantly higher for women than for men (by 18.3%; p<0.0001) ( Table 2 ). Patients older than 10 years had fewer inpatient days compared with those younger than 10 years (all age bands p<0.0001), with the differences Table 2 ).
Year 1 (n=2763)
Sensitivity analyses of 1 and 5 years of follow-up data for the regression analysis showed that the results from the main analysis were generally robust, with no unexpected differences in parameters during follow-up (Supplementary Table 3 , SDC).
Regression analysis: Factors affecting healthcare costs
Total healthcare costs during the first 3 years after transplantation were 8.1% higher (p<0.0001) for women than for men, and for patients younger than 10 years compared with all the older 10-year age groups, ranging from 63.0% higher than for those aged 60 to 69 years, to 70.9% higher than for those aged 10 to 19 years (all p<0.0001) ( 
Discussion
This real-world, retrospective study used data from Swedish national health registers to examine healthcare resource use and costs associated with kidney transplantation, and loss of productivity, for up to 5 years following transplantation. The patient population was comparable with those included in other publications regarding, for example, the proportion of women, patient age, comorbidities, and donor types [7, 8, 10] .
In this study, healthcare resource use and costs (including the cost of transplantation) declined after the first year following renal transplantation, and then was stable and sustained. The decline in costs was expected, given that dialysis is known to be more costly (outpatient HD costs €75,800 per patient annually in Sweden [12] ) than a successful transplantation and that the 5-year death-censored graft survival rate following kidney transplantation is high in Sweden (91.2% and 95.0% for first graft from deceased and living donors, respectively, between 2006 and 2015 [6] ). Lower healthcare costs after the first year post kidney transplantation have been reported previously, for example, up to 3 years and 10 years after kidney transplantation in Spain and Sweden, respectively [7, 12] .
Hospitalization cost was the highest out of all costs during the first year after transplantation, which was expected since the cost of transplantation was included, and the number of Table 2 . Analysis of predictors for 9 covariates on inpatient days, outpatient visits, and total cost (euros) during the 3 years following transplantation based on multivariate generalized linear regression analyses.
hospitalizations and immunosuppression use is higher early post transplantation. Prescribed medications for renal disease accounted for the greatest proportion (almost half) of healthcare costs associated with renal disease during subsequent years. This is consistent with a European study in which immunosuppression induction and maintenance therapy accounted for approximately 45% of the total post-transplantation costs over a 3-year period [7] . Furthermore, in our study, prescribed medications for renal disease accounted for most of the overall cost of all prescribed drugs. However, it should be noted that our study did not include data after 2013, when generic tacrolimus was launched in Sweden; data after 2013 would likely show decreased cost for immunosuppressive medication.
In our study, the proportion of patients on long-term sick leave decreased from 63% in the 3 years before transplantation, to 47% in the 2 years following the index year. The reduction in the proportion of patients on long-term sick leave after transplantation are consistent with findings from a study in Finland, in which a higher proportion of patients who had received a kidney transplant were employed compared with patients who underwent dialysis in outpatient centers (but not compared with home dialysis) [14] . The study also showed that employment rate increased with time since transplantation [14] . However, unlike the Finnish study, we compared pre-and post-transplantation status in the same patient cohort. Another study from Finland showed that health-related quality of life (including a dimension for discomfort and symptoms) increased following transplantation for a considerable proportion of patients who had previously been receiving dialysis [15] . Although our study did not evaluate quality of life, it could be argued that improved health status might be associated with improved productivity.
In this study, the female sex was associated with higher resource use and cost, and women had more sick leave than men.
However, the present study did not explore why this might be the case, and similar results have not been previously published. By contrast, a Swedish study of register data by Jarl et al. found that female sex had no significant impact on cost savings in the immediate post-transplant year compared with the year before transplantation [12] . Furthermore, another Swedish study showed that men experienced more days of sick leave than women for most diagnoses, although the frequency of sick leave was significantly higher in women than in men [16] .
The disparity between studies may be due to differences in comorbidity levels, or to socioeconomic factors. Additionally, compared with the Swedish register study by Jarl et al. [12] , our study may be more robust, as it included the total Swedish population, and may have included a greater number of costing types. Collectively, the data suggest that further investigation into the effect of sex on productivity after kidney transplantation may be warranted.
Various studies have shown that outcomes are better for patients who receive their kidney from a living rather than from a deceased donor [10, [17] [18] [19] . In line with these findings, we observed that patients who received a graft from a deceased donor had higher levels of long-term sick leave after transplantation.
Previous kidney transplantation was associated with increased resource use compared with being transplant-naïve prior to the index date. Furthermore, a history of HD was associated with more outpatient visits compared with patients who were not in dialysis (preemptive patients). This is consistent with observations that prior kidney transplantation and a history of HD are important predictors of post-transplantation outcomes [17, 19] . It is possible that patients with a history of transplantation and HD were in worse health prior to transplantation and, therefore, more prone to post-transplantation complications than those who were transplantation-naïve and pre-emptive transplant patients. By contrast, previous PD was not associated with the number of inpatient and outpatient visits versus patients who were not in dialysis (preemptive patients). It is unclear why some comorbidities, such as glomerulonephritis, were associated with fewer inpatient days.
Type 1 diabetes was an important predictor for post-transplantation resource use and costs. It was also associated with higher levels of sick leave than being without type 1 diabetes. Similar findings have been previously reported, for example, a large-scale study looking at Medicare payments identified type 1 diabetes as one of the important factors driving post-transplantation costs [11] . Furthermore, diabetes has been associated with increased hospital charges, renal dysfunction, and mortality [20] . Unlike in our study, however, no difference in the length of stay during hospitalization was found between diabetic and non-diabetic patients. This difference may be attributed to many factors, including the geographic spread of data, and a smaller patient population.
The overall high cost of kidney transplantation in this study suggests that resources should be invested to prevent kidney disease, this could include more frequent screening for high blood pressure, proteinuria and diabetes in the primary care setting. However, the high cost of dialysis, and the increased resource use seen in this study for patients on HD pre-transplantation emphasizes the overall cost-effectiveness of transplantation for those patients already requiring HD. Organ donation must also be considered as, in order to keep waiting times short for transplantation, it is necessary to maintain well-functioning organ donation activities. It is also important to allocate healthcare funding to resources that can have a positive impact on increasing the longevity of the transplant, such as optimizing post-transplant care, including medical and psycho-socio-economic factors.
This study had some limitations, given its retrospective nature. Some costs were not included, such as those associated with primary care, outpatient visits without physician involvement, and non-prescription drugs. Furthermore, the potential association between uncollected variables (e.g., laboratory results, and additional donor and patient characteristics) and outcomes could not be evaluated. Additionally, the sick leave outcome data were available according to calendar year, as opposed to running from the index date, and only episodes longer than 14 days were included. As such, data for sick leave between transplantation and the end of the year in which the procedure was carried out, and for short sick leave periods, were not available, and sick leave days may have been underestimated. It would also have been useful to compare healthcare costs for matched patients undergoing dialysis versus kidney transplantation.
The key strengths of this study were the population-based approach and the inclusion of all transplanted patients in Sweden. The national coverage in the registers facilitated long-term retrospective follow-up, low attrition, and a large sample size. Furthermore, use of administrative, compulsory registers facilitated inclusion of a comprehensive list of outcomes and covariates, including national data on productivity, and differentiation between renal disease-related and total cost.
Conclusions
This real-world, retrospective cohort study demonstrated that healthcare resource use and cost decreased dramatically after the first year after kidney transplantation in Sweden, and remained stable for the next 4 years. Furthermore, female patients had longer hospitalizations, more outpatient visits, higher total cost, and more long-term sick days than males. Other important predictors for higher resource use and cost were age less than 10 years, use of HD prior to transplantation, and certain comorbidities, particularly type 1 diabetes. These findings can be used to support healthcare decision makers when allocating funding and resources for the treatment of chronic kidney diseases. Table 3 . Sensitivity analysis of predictors for 9 covariates on inpatient days, outpatient visits, total cost (euros), and long-term sick leave after transplantation based on multivariate generalized linear regression analyses.
